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(54) NUMERICAL CONTROLLER 

(57) A machine-side position detection control unit 
(20) is provided in order to read a position feedback sig- 
nal of a position detector (64) associated with a control 
axis (X axis) requiring machine-side position detection 
for controlling of a closed loop system. This makes 
unnecessary for providing a position detection control 



unit in a servoamplifier (30, 40, 50) for each axis. A 
numerical control unit (10) and the servoamplifier (30, 
40, 50) for each axis are connected in a daisy chain 
form by a serial communication line. 
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Description 
TECHNICAL FIELD 

The present invention relates to a numerical control 5 
apparatus in which a numerical control unit and a ser- 
voamplrf ier are connected to each other by a serial com- 
munication line, and machine-side position control is 
carried out by feeding back a machine-side position. 

10 

BACKGROUND ART 

A numerical control unit and a servoamplifier in a 
numerical control apparatus are usually connected to 
each other by a communication line. In such an appara- is 
tus. feedback control is widely employed. For example, 
for such a numerical control system, a semi-dosed loop 
system is employed, in which a pulse coder is installed, 
as a position detector, to a servomotor for driving the 
movable part of the machine, such pulse coder being 20 
used for detecting a position signal from the control 
axis, and the position signal is fed back to control the 
position of the movable part of the machine. 

On the other hand, the backlash amount of the con- 
trol axis of numerical control apparatus varies depend- 25 
ing on the work weight etc., and the accumulated error 
of the control axis also varies depending on the change 
in temperature. In such a case, in order to further 
enhance the accuracy of machine, not only the position 
is detected by the pulse coder, but also a system is 30 
employed in which the position is detected by a linear 
scale installed on the machine side as a machine-side 
position detector for detecting the position of the mova- 
ble part of the machine to feed back the detected value. 
One of such systems is a full-closed loop system, which 35 
is used for machine tools requiring a specially high 
accuracy or large machine tools. 

FIG. 5 is a schematic diagram of a conventional 
numerical control apparatus in which the position is 
detected by using the full-closed loop system. This 40 
numerical control apparatus comprises a numerical 
control unit 1 0, and an X-axis servoamplifier 30, a Y-axis 
servoamplifier 40, and a Z-axis servoamplifier 50. and 
an X-axis servomotor 60, a Y-axis servomotor 70, and a 
Z-axis servomotor 80 which are driven by these ser- 45 
voamplrfiers. 

Further, a ball nut 62 fixed to a tool rest 63 is 
screwed on an X-axis ball screw 61 connected to the 
output shaft of the X-axis servomotor 60. Also, the tool 
rest 63 is provided with a linear scale 64 as a machine- so 
side position detector. The position feedback signal of 
the linear scale 64 is read by a machine-side position 
detection control section 30a installed in the X-axis ser- 
voamplifier 30..by_which feedback control is carried out. 

The machine-side position detection control section 55 
30a is designed so as to be installed in a housing for the 
servoamplifier 30 as shown in FIG. 5. Therefore, a con- 
nector CN for detecting the machine-side position is 
installed in each of the housings of all the servoamplifi- 



ers 30, 40 and 50. 

However, since all the control axes are not always 
subjected to position control, it is not necessary to 
install the machine-side position detection control sec- 
tion to all the servoamplifiers. If the connector CN for 
machine-side position detection is installed to all the 
servoamplifiers, the cost increases unnecessarily. 

In some cases, in order to enhance the controllabil- 
ity of the servomotor, it is desired to feed back the data 
other than the machine-side position detected value by 
newly connecting a control line to the servoamplifier. 
However, there is a problem such that a connector can- 
not be installed newly because the size of the housing 
for the servoamplifier is limited. 

DISCLOSURE OF THE INVENTION 

An object of the present invention is to provide a 
numerical control apparatus with optimized number of 
connectors in servoamplifiers and improved controllabil- 
ity of servomotor. 

To achieve the above object, the numerical control 
apparatus in accordance with the present invention 
comprises a numerical control unit; at least one 
machine-side position detector; at least one machine- 
side position detection control unit which is connected 
to the numerical control unit by a serial communication 
line, has at least one connector for receiving a detected 
signal from the machine-side position detector, and 
reads the signal received from the machine-side posi- 
tion detector via the connector and transmits the signal 
to the numerical control unit; and one servoamplifier 
connected to the machine-side position detection con- 
trol unit via a serial communication line to control a ser- 
vomotor. 

Preferably, one servoamplifier is further connected 
to another servoamplifier by a serial communication 
line, and all of these servoamplifiers are connected to 
the numerical control unit in a daisy chain form by serial 
communication lines. 

Thus, according to the present invention, for exam- 
ple, the detected signal cable from the position detector 
is not connected to the servoamplifier associated with 
the control axis, but is connected to the machinerside 
position detection control unit. Therefore, servoamplifi- 
ers need not to have a function for receiving and reading 
the signal from the machine-side position detector. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing the principle of a 
numerical control apparatus in accordance with the 
present invention; 

FIG. 2 is a diagram showing a format of a commu- 
nication packet; 

FIG. 3 is a table showing the details of the interior of 
the communication packet; 
FIG. 4 is a detailed diagram of an inside configura- 
tion of a numerical control apparatus in accordance 
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with the present invention; and 
FIG. 5 is a block diagram showing the principle of a 
conventional numerical control apparatus. 

BEST MODE OF CARRYING OUT THE INVENTION 5 

First, the principle of a numerical control apparatus 
in accordance with the present invention will be 
described with reference to FIG. 1 . 

The numerical control apparatus (CNC) includes a 10 
numerical control unit 10, a machine-side position 
detection control unit 20 for carrying out feedback con- 
trol of machine-side position detection, and an X-axis 
servoamplifier 30, a Y-axis servoamplifier 40, and a Z- 
axis servoamplifier 50, and an X-axis servomotor 60, a is 
Y-axis servomotor 70, and a 2-axis servomotor 80 
which are driven by these servoamplifiers. 

Further, a ball nut 62 fixed to a tool rest 63 engages 
with an X-axis ball screw 61 connected to the output 
shaft of the X-axis servomotor 60. Also, the tool rest 63 20 
is provided with a linear scale 64 as a machine-side 
position detector. The position feedback signal of the 
linear scale 64 is read by a machine-side position detec- 
tion control unit 20, by which feedback control is carried 

OUt. 25 

In the above description, since the control axis for 
which position is detected by the machine-side position 
detector (linear scale 64) is the X axis only, the 
machine-side position detection control unit 20 has one 
connector CN for machine-side position detection (cor- 30 
responding to the X axis). However, this -machine-side 
position detection control unit 20 can also have some 
other connectors besides this connector. The control 
axis to which the connector is made to correspond can 
be determined arbitrarily. For example, assuming that 35 
the machine-side position detection control unit 20 has 
two connectors CN1 and CN2 and the control axes for 
which position must be detected are the X and Y axes, 
CN1 and CN2 can receive the position feedback signals 
associated with the X and Y axes, respectively, or, by 40 
changing the setting, CN1 and CN2 can receive the 
position feedback signals associated with the Y and X 
axes, respectively. 

The machine-side position detection control. unit 20 
and the numerical control unit 1 0 are connected to each 45 
other by a serial communication line 90. Likewise, the 
machine-side position detection control unit 20 and the 
X-axis servoamplifier 30 are connected to each other by 
a serial communication line 91, the X-axis servoampli- 
fier 30 and the Y-axis servoamplifier 40 by a serial com- so 
munication line 92. and the Y-axis servoamplifier 40 and 
the Z-axis servoamplifier 50 by a serial communication 
line 93. Further, the Z-axis servoamplifier 50 can be 
connected to another servoamplifier by a serial commu- 
nication line 94. 55 

Thus, the numerical control unit 10 and the ser- 
voamplifiers 30, 40, and 50 for the axes are connected 
in a daisy chain form. For any of the serial communica- 
tion lines 90, 91, ... , an optical fiber cable, which ena- 
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bles broad-band transmission and noise reduction, is 
used, and packet communication is carried out on this 
transmission line. 

Next, the format of the communication packet will 
be described with reference to FIG. 2. The communica- 
tion packet 100 is composed of a start code telling the 
start of packet and frames 0 to 7. Each frame is divided 
into units of information called fields. Each field carries 
the data to/from each servoamplifiers and the machine- 
side position detection control unit. For example, in the 
case of a numerical control apparatus including eight 
servoamplifiers at a max mum and one machine-side 
position detection control unit, one frame is composed 
of nine fields containing field 0 to field 8. The fields 0 to 
8 can be assigned to the data of the servoamplifiers and 
the machine-side position detection control unit arbitrar- 
ily. 

Next, the details of the interior constitution of the 
communication packet 100 will be described with refer- 
ence to FIG. 3. This diagram shows a packet sent from 
the servoamplifiers and the. machine-side position 
detection control unit to the numerical control unit in the 
case where the numerical control apparatus has eight 

servoamplifiers (servoamplifier 0. servoamplifier 1 

servoamplifier 8) and one machine-side position detec- 
tion control unit 20. Each of frames 0 to 7 is divided into 
nine fields for each of fields 0 to field 8, and one frame 
corresponds to the data content of one unit. For exam- 
ple, frame 0 contains the motor power information, 
frame 1 the pulse coder information, and so on. Also, 
one field corresponds to any one of the servoamplifiers 
30, 40, and 50 and the machine-side position detection 
control unit 20. For example, according to FIG. 3, field 0 
corresponds to servoamplifier 0, field 1 to servoamplifier 
1, the rest corresponding similarly, and field 6 corre- 
sponds to servoamplifier 6. Field 7 corresponds to the 
machine-side position detection control unit, and the 
last field 8 corresponds to servoamplifier 7. 

Accordingly, at the position of field 0 in frame 0, 
motor power information 0 of a servomotor controlled by 
servoamplifier 0 is inserted. At the position of field 1 in 
frame 0, motor power information 1 of a servomotor 
controlled by servoamplifier 1 is inserted. Similarly, at 
the position of field 8, which is the final field, in frame 0, 
motor power information 7 of a servomotor controlled by 
servoamplifier 7 is inserted. However, even in frame 0 
showing the motor power information, inserted at the 
position of field 7 is position information 0 of the control 
axis controlled by servoamplifier 0. This position infor- 
mation 0 is the value detected by the machine-side 
position detection control unit 20. If the control axis con- 
trolled by servoamplifier 0 is one whose position need 
not be detected, this field 7 is not set. 

At the position of field 0 in frame 1 . pulse coder 
information 0 of a servomotor controlled by servoampli- 
fier 0 is inserted, and at the position of field 1 in frame 1 , 
pulse coder information 1 of a servomotor controlled by 
servoamplifier 1 is inserted. Similarly, at the position of 
field 8, which is the final field in frame 1 . pulse coder 
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information 7 of a servomotor controlled by servoampli- 
fier 7 is inserted. However, even frame 1 is a frame 
showing the pulse coder information, as described 
above, position information 1 of the control axis control- 
led by servoamplrfier 1 is inserted at the position of field 
7. This position information 1 is the value detected by 
the machine-side position detection control unit. If the 
control axis controlled by servoamplif ier 1 is one whose 
position need not be detected, this field 7 is not set . 

As described above, the packet is constructed by 
making the necessary data contents correspond to the 
frames and by making the servoamplifiers and 
machine-side position detection control unit correspond 
to the fields, by which packet communication is carried 
out. 

Next, an inside configuration of a numerical control 
apparatus in accordance with one embodiment of the 
present invention will be described in detail with refer- 
ence to FIG. 4. 

The numerical control apparatus includes a numer- 
ical control unit 10, a machine-side position detection 
control unit 20, an X-axis servoamplrfier 30, and a Y-axis 
servoamplif ier 40. The numerical control unit 10 is con- 
nected to the machine-side position detection control 
unit 20 by a serial communication line 90. Likewise, the 
machine-side position detection control unit 20 is con- 
nected to the X-axis servoamplifier 30 by a serial com- 
munication line 91, and further the X-axis servoamplifier 
30 is connected to the Y-axis servoamplifier 40 by a 
serial communication line 92. Only two servoamplifiers 
are shown in this figure for simplicity. In practice, how- 
ever, necessary number of servoamplifiers can be con- 
nected in a daisy chain form by serial communication 
lines. Connected to these servoamplifiers are an X-axis 
servomotor 60 and a Y-axis servomotor 70. Further, a 
ball nut 62 fixed to a tool rest 63 engages with an X-axis 
ball screw 61 connected to the output shaft of the X-axis 
servomotor 60. Also, the tool rest 63 is provided with a 
linear scale 64. 

The numerical control unit 10 includes a computer 
section 1 1 for controlling all the basic functions of the 
numerical control apparatus, a communication line con- 
trol section 12 for controlling the communication proto- 
col, and an electrical signal/optical signal (E/O), optical 
signal/electrical signal (O/E) conversion section 13. 

The computer section 11 controls the whole of 
packet communication carried out in the communication 
network. The communication line control section 12 
assembles the transmitted data into a packet form. It 
also disassembles the received packet into the original 
data form. The E/O, O/E conversion section 13 is an 
interface of the transmission line, which converts an 
electrical signal to an optical signal or an optical signal 
to an electrical signal. E/O, O/E conversion sections in 
other blocks operate in the same way, so that the 
description of the operation of the E/O, O/E conversion 
sections in other blocks is omitted. 

The machine-side position detection control unit 20 
includes a setting section 23 of the machine-side posi- 



tion detection control unit for setting various detection 
data, a communication line control section 22, a 
machine-side position information insertion section 24 
for inserting machine-side position detection informa- 

5 tion into a communication. packet, a linear scale inter- 
face 25, and an E/O, O/E conversion section 21 . 

The setting section 23 of the machine-side position 
detection control unit can arbitrarily set a control axis to 
be detected, and controls all the functions of the 

10 machine-side position detection control unit 20. The 
communication line control section 22 performs the dis- 
assembly and assembly of communication packet The 
machine-side position information insertion section 24 
inserts the detected value of the machine-side position 

15 in the field which is set in the communication packet. 
Tne linear scale interface 25 reads the graduations of 
the linear scale 64 installed on the tool rest 63 to detect 
the position of the tool rest 63. Also, the machine-side 
position detection control unit 20 can not only input the 
20 feedback information of the detected value of the 
machine-side position but also input the temperature 
data, correction data, etc. as the feedback information 
necessary for enhancing the controllability of the servo- 
motor. It can also carry out the control based on various 
25 kinds of feedback information as well as the position 
control. 

The X-axis servoamplifier 30 includes a communi- 
cation line control section 32, a pulse coder interface 
33, a motor drive 34, and ah E/O, O/E conversion sec- 
30 tion 31. 

The pulse coder interface 33 includes a counter. 
The counter counts the pulse train from the pulse coder 
65 installed on the servomotor 60 to detect the rota- 
tional speed of servomotor and the position of control 

35 axis. The motor drive 34 is composed of a converter and 
an inverter. The converter takes out an alternating cur- 
rent from a commercial power line, and converts it into a 
direct current of a specified voltage. The inverter, using 
this direct current as a power source, outputs a motor 

40 current in accordance with the current command given 
by the communication line control section 32. The cur- 
rent flowing in the servomotor 60 is detected by the 
detection circuit in the motor drive 34, and fed back to 
the communication line control section 32. The commu- 

45 nication line control section 32 also has a function for 
disassembling and assembling the communication 
packet. 

The Y-axis servoamplifier 40 includes a communi- 
cation line control section 42, a pulse coder interface 
>o 43, a motor drive 44, and an E/O, O/E conversion sec- 
tion 41 . 

Like the X-axis servoamplifier 30, the pulse coder 
interface 43 has a counter installed therein. The counter 
counts the pulse train from the pulse coder 75 installed 
& on the servomotor 70 to detect the rotational speed of 
servomotor and the position of control axis. The motor 
drive 44 is composed of a converter and an inverter. 
The converter takes out an alternating current from a 
commercial power line, and converts it into a direct cur- 
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rent of a specified voltage, the inverter, using this direct 
current as a power source, outputs a motor current in 
accordance with the current command given by the 
communication line control section 42. The current flow- 
ing in the servomotor is detected by the detection circuit 
in the motor drive, and fed back to the communication 
line control section 42. The communication line control 
section 42 also has a function for disassembling and 
assembling the communication packet. 

In the example shown in this figure, one machine- 
side position detection control unit 20 is connected to 
the numerical control unit 10 and the servoamplifier 30. 
However, the numerical control apparatus can be con- 
figured so that a plurality of machine-side position 
detection control units are connected to the numerical 
control unit 10 and the servoamplifiers in a daisy chain 
form by using serial communication lines. 

In the present invention, as described above, the 
machine-side position detection section is not provided 
in the servoamplifier, but is provided on the serial com- 
munication line as a machine-side position detection 
control unit. Thus, not all the servoamplifiers need to 
have a connector for machine-side position detection, 
contributing to the reduction of the cost When it is nec- 
essary to enhance the operating accuracy of the 
machine by giving information about the temperature on 
the machine side, the distortion of the table, etc. to the 
numerical control apparatus, an interface for receiving 
the output from the sensor which detects these kinds of 
information can be provided in the machine-side posi- 
tion detection control unit. 

Claims 

1 . A numerical control apparatus, comprising: 

a numerical control unit; 

a servoamplifier for each axis, which drives and 

controls a servomotor; 

at least one machine-side position detector for 
detecting the position of a movable part of a 
machine driven by said servomotor; and 
at least one machine-side position detection 
control unit which is connected to said numeri- 
cal control unit and said servoamplifier respec- 
tively by serial communication lines, has at 
least one connector for receiving a position 
detected signal from said machine-side posi- 
tion detector, and reads the detected signal 
received from said machine-side position 
detector via said connector to transmit said 
detected signal to said numerical control unit 

2. A numerical control apparatus according to claim 1 , 
wherein said servoamplifier and said machine-side 
position detection control unit are all connected to 
said numerical control unit in a daisy chain form. 



wherein each of a plurality of connectors included in 
said machine-side position detection control unit 
can be made to correspond to any axis. 

5 4. A numerical control apparatus according to claim 1 , 
wherein said machine-side position detection con- 
trol unit has an interface for receiving a detected 
signal, other than the position detected signal, 
which is necessary for enhancing the controllability 

io of the servomotor, in addition to the connector for 
receiving the position detected signal from said 
machine-side position detector. 

5. A numerical control apparatus according to claim 5, 
75 wherein the detected signal other than said position 

detected signal includes signals for a detected tem- 
perature or correction data etc. 

6. A numerical control apparatus according to claim 1 , 
20 wherein the communication carried out on said 

serial communication line is packet communication. 

7. A numerical control apparatus according to claim 7, 
wherein said numerical control unit has a communi- 

25 cation line control section for assembling data to be 
transmitted to the machine-side position detection 
control unit into a packet form, and for disassem- 
bling the data of packet form received from the 
machine-side position detection control unit into the . 

30 original data 

8. A numerical control apparatus according to claim 1 , 
wherein said machine-side position detection con- 
trol unit has a setting section capable of setting var- 

35 ious detection data and arbitrarily setting the control 
axis to be detected. 

9. A numerical control apparatus according to claim 9, 
wherein said machine-side position detection con- 

40 trol unit has a machine-side position information 
insertion section for inserting the machine-side 
detected value obtained, through a connector, by 
reading the signal received from the machine-side 
position detector in a field which is set in the com- 

45 munication packet 

10. A numerical control apparatus according to claim 1 , 
wherein said numerical control apparatus further 
comprises one or more machine-side position 

so detection control units in addition to said one 
machine-side position detection control unit, and 
these machine-side position detection control units 
are connected to said numerical control unit and 
servoamplifier in a daisy chain form by serial com- 

55 munication lines. 



3. A numerical control apparatus according to claim 1 , 
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